Background: Obesity rates have increased precipitously with a significant economic impact. Aim: The aim of this study was to investigate the effect of obesity on the work health-related behaviors and quality of life (QoL) of employees of mining companies in South Africa.
Introduction
Obesity rates are rising rapidly around the world and becoming a growing concern in public health, with people becoming ever more sedentary (Sartorius, Veerman, Manyema, Chola, & Hofman, 2015) . Obesity affects 500 million people worldwide and this burden is projected to double by 2030 (Hill, Peters, Catenacci, & Wyatt, 2008; WHO, 2014) . Within sub-Saharan Africa, the South African population shows the highest prevalence of obesity (Micklesfield, Lambert, Hume, Chantler, Pienaar, Dickie, & Goedecke, 2013) , reported to be nearly 54%, (WHO, 2015a) .
to their activity levels, number of steps taken daily, calorie expenditure and hours slept (Li et al., 2015; Gonnissen, Adam, Hursel, Rutters, Verhoef, & Westerterp-Plantenga, 2013; Dwyer, Hosmer, Hosmer, Venn, Blizzard, Granger, & Dunstan, 2007; Leibel, Rosenbaum, & Hirsch, 1995) . The QoL and health behaviors of employees of different weight working for South African mining companies, however, are unknown.
Of further concern is that the obesity epidemic directly impacts a nation's workforce, resulting in impaired productivity and increased expenditure on healthcare (Barkin, Heerman, Warren, & Rennhoff, 2010) . Also, employees manifest different health behaviors at work, including poor dietary habits, poor control over stress levels, and decreased physical activity levels having a negative effect on their body composition. In this regard researchers indicate that employees' working conditions contribute to the above unhealthy behaviours (Miranda, Gore, Boyer, Nobrega, & Punnett, 2015) . For example, obesity has been linked with night work, long working hours, sedentary work, psychosocial job strain, and job insecurity (Taylor et al., 2013; Miranda et al., 2015; Quist, Christensen, Christensen, Aust, Borg, & Bjorner, 2013; Escoto, French, Harnack, Toomey, Hannan, & Mitchell, 2010) . Nonetheless, the literature is inconsistent on any of these putative associations. Among possible reasons both the lack of formal theoretical hypotheses and, somewhat in contrast, an incomplete set of risk factors are suggested (perhaps stemming from undue reliance on a priori models at this relatively early stage of accruing evidence) (Quist et al., 2013; Solovieva, Virtanen, & Viikari-Juntura, 2013) . Many of these studies have analyzed data from the general, working population abroad with no studies focusing on South African companies. To this end, the pilot study reported here investigated the impact of obesity on the QoL of mining employees and the status of their health at work. It formed part of a comprehensive study that aims to assess the impact of obesity and absence due to illness on economic costs incurred by South Africans at work.
Methods
This explorative-descriptive study used quantitative methods to describe and compare physical activity, sleep duration, calorie intake and expenditure, lifestyle habits, QoL and health of three select groups of employees.
Subjects
Forty (40) subjects between the ages of 24-49 years (mean age 35.9 ± 7.9 years) from three South African mining companies volunteered for the study. Information about the research project were made available through the company's intranet platform. Recruitment of subjects was limited to admin personnel, and included professionals, managers, and clerical and administrative support. They were assigned to three groups, each comprising both men and women, according to their body mass index (BMI) -normal weight subjects with a BMI of 18.5-24.9 kg/m 2 (n = 10), overweight subjects with a BMI of 25.0-29.9 kg/m 2 (n = 15) and the obese group with a BMI of ≥30.0 kg/m 2 (n = 15) (Thompson, Gordon, & Pescatello, 2014) . The clinical characteristics of the subjects are displayed in Table 1 . The study sample was not differentiated by ethnic background, even though ethnicity may have an influence on the development of obesity. Note. M = mean; SD = standard deviation.
Measuring Instruments
The measurement criteria used (described in detail below) were body composition (height and body mass), physical activity (based on the results of using a BodyMedia ® FIT accelerometer), QoL (WHO QoL questionnaire), and work health-related behaviors (WHO Health at Work survey questionnaire).
Body Composition Measurements
Weight was recorded on a calibrated Robusta Seca 813 scale (Teraoka, South Africa) according to a standardized protocol (Thompson et al. 2014) . Measurements were taken to the nearest 0.1 kg. Height was measured in centimeters using a mobile stadiometer rod with a sliding ruler. FIT armband was used to measure energy expenditure (including steps taken), physical activity, exercise intensity, and sleep efficiency (duration and quality) (BodyMedia, 2014) . All thirty subjects wore the armband for seven days, for 23 hours a day. They were given a thorough explanation of the purpose of the study, and received specific instructions on the use of the armband. Subjects were instructed to wear it on the back of the left upper-arm (triceps), with the silver sensors in contact with the skin at all times. The armband was removed only while the wearer was bathing, showering or swimming as it is not waterproof. After the seven-day measurement period, all the armbands were collected, and the data were downloaded for analysis using BodyMedia ® software on the computer.
Quality of Life Measurements
The WHO Quality of Life questionnaire (WHOQOL) was used to measure subjects' QoL in various respects, such as health status, effect of pain, life enjoyment and meaning, ability to concentrate, sleep and energy levels, self-esteem and bodily appearance, ability to perform activities of daily living, money and leisure, work environment, and personal relationships (Harper, 1998) . When answering the questions subjects were asked to keep in mind their standards, hopes, pleasures, and concerns. The questions were answered in relation to the previous four (4) weeks of ones' life. Subjects were required to answer the questions according to a Likert scale, with answer choices ranging from very poor/very dissatisfied/not at all/always to very good/very satisfied/an extreme amount/never.
Work Health-Related Behavior Measurements
The WHO Health at Work survey involved a comprehensive questionnaire covering information such as diagnosed diseases and conditions, lifestyle habits such as smoking and alcohol consumption, ability to concentrate, feelings of fatigue, problems with sleep, accidents and injuries in the workplace, visits to medical professionals, working hours, absenteeism, productivity, and demographic information (Kessler, Barber, Beck, Berglund, Cleary, McKenas, & Wang, 2003) . Questions were answered according to a Likert scale, with options ranging from no I don't have this condition/poor/nearly every day/all of the time to yes I have this condition and I am currently receiving professional treatment/excellent/never/none of the time.
Statistical Analysis
The experimental data were analyzed using the SPSS software program. For the analysis of the BodyMedia ® FIT armband results the Kolmogorov-Smirnov test was performed to determine if the data were normally distributed (p > 0.2). As this proved to be the case, a parametric technique was used to analyze the data. A simple analysis of variance (ANOVA) was used to determine if there were significant differences between the three study groups (normal, overweight and obese). Significance was set as p < 0.05. Once significant differences were established, a Tukey's HSD test was conducted to determine between which specific groups the differences lay. For the analysis of the various questionnaires, Pearson's chi-squared test was used to determine whether there was a significant difference between the expected and the observed frequencies in one or more categories.
Validity and Reliability of Measuring Instruments
The validity and reliability of the data were ensured as follows:
• Body mass and height were measured according to standardized methods (Thompson et al., 2014) .
• Valid and reliable questionnaires were used. Domain scores produced by the WHOQOL correlate highly (0.89 or above) with WHOQOL-100 domain scores (calculated on a four-domain structure). WHOQOL domain scores demonstrated good discriminant validity, content validity, internal consistency and test-retest reliability (Harper, 1998; Skevington, Lotfy, & O'Connell, 2004 ).
• The WHO Health at Work survey has been used previously, and proved to be valid and reliable (Kessler et al., 2006 ).
• The BodyMedia ® FIT armband has been clinically proven accurately to measure physical activity levels and calories expended (de Cristofaro, Pietrobelli, Dragani, Malatesta, Arzeni, Luciani, & Battistini, 2005; Robertson, 2004) .
Results
The work health-related behaviors of the subjects are displayed in Table 2; Table 3 explains where significant differences lie between groups. Significant differences were noted between the three groups for calorie expenditure (p = 0.033), amount of daily activity (p = 0.037), number of steps taken daily (p = 0.017), and hours Vol. 9, No. 12; 2017 slept per night (p = 0.045). No significant differences were seen in calorie intake (p = 0.227), sleep efficiency (p = 0.266), and hours spent lying down (p = 0.216), with average physical activity intensity approaching significance (p = 0.095). It is clear from Table 3 that significant differences are only noted between the overweight and the obese groups with regard to calorie expenditure (p = 0.033), physical activity patterns (p = 0.037) and number of steps taken (p = 0.017). Overweight individuals reported being significantly more active and took more steps daily than obese individuals. The physical activity levels of the normal weight group were higher than those of the obese, and approached significance (p = 0.057). No significant differences were seen between the normal weight and overweight groups with regard to calorie expenditure, physical activity, and steps taken. Overweight subjects spent less time sleeping than those of normal weight, yet the sleep efficiency of the overweight group was greater than that of normal subjects (though not significantly different; Table 2 ). Table 3 indicates that those of normal weight recorded the most hours of sleep, with the obese group sleeping the least. Those of normal weight spent significantly (p = 0.045) more time sleeping, and demonstrated greater sleep efficiency than the obese. The results of the WHO QoL questionnaire indicate some significant differences between the study groups ( Table  4 ). All of the significant differences were found between the normal weight and obese subjects. The first significant difference was in the QoL ratings, for which normal weight subjects reported being significantly (p = 0.041) more satisfied with their QoL than the obese. Quality of life is also associated with perceived satisfaction with income and leisure activities as well as general contentment with life. The results showed a significant difference (p = 0.025) between normal weight and obese subjects in these respects. The largest significant difference (p = 0.017) was between normal weight and obese subjects with regard to their general satisfaction with life; those of normal weight reported being 'very satisfied with life in general' compared to the obese, who were only 'satisfied with life'. Table 5 shows the results of the WHO Health at Work survey relating to subjects' diagnosed diseases/state of health, lifestyle habits such as smoking and alcohol consumption, ability to concentrate, feelings of fatigue, mental health symptoms, diagnosed chronic conditions, bothersome symptoms, and productivity. The section of the WHO Health at Work survey relating to concentration asked subjects if they had difficulty organizing matters for a work-related task, problems remembering appointments, delayed tasks requiring concentration, or if they fidgeted if they had to sit still for an extended period. There was a significant difference (p = 0.032) between the normal weight and obese groups with regard to problems with concentration; whereas the former reported rarely experiencing such problems, the obese had difficulty with their concentration more often. Although no other significant differences were found between the three groups with regard to the health at work survey, the difference between smoking habits of obese subjects compared to normal weight subjects approached significance (p = 0.091). Note. *p < 0.05.
Discussion
The pilot study took place as to date no evidence is available on the impact of obesity on the work health-related behaviors, quality of life and health status at work of select employees from mining companies in South Africa. Our preliminary findings indicate that almost all the significant differences with regard to their work health-related behaviors, except for the number of hours slept, were between the overweight and obese groups. This was unexpected as it was postulated that the main differences would be between the normal weight and obese subjects. The fact that our study subjects were divided into three different groups on the basis of only BMI may have contributed to these surprising findings. BMI measures excess weight rather than body fatness and does not differentiate between bone, muscle and fat (Burkhauser & Cawley, 2008) ; thus lean body mass was not considered.
Muscle mass compared to overall body weight needs to be considered as a more reliable predictor of resting energy expenditure (Johnstone, Murison, Duncan, Rance, & Speakman, 2005; MacArdle, Katch, & Katch, 2010) . It may be possible that some of the subjects placed in the overweight group were actually physically active individuals, with relatively large amounts of muscle mass, thus explaining the significant differences in the two components of physical activity (amount of daily activity and number of steps taken per day) of the study. Previous findings in this regard are inconsistent (Chan, Ryan, & Tudor-Locke, 2004 ) indicated that BMI is not significantly related to changes in step number; Dwyer et al. (2007) found an inverse association between number of daily steps and obesity; and Li et al. (2015) reported differing patterns of physical activity exhibited by normal weight, overweight, and obese people which are consistent with their weight status -leaner people are more physically active.
When analyzing total calorie expenditure, a significant difference was once again found between overweight and obese individuals, such that the former showed higher total calorie expenditure than the obese. Basic energy accounting, in terms of which individuals expend calories in three ways, namely basal metabolic rate (BMR), diet-induced thermogenesis as well as energy spent on daily physical activity, may explain the difference between the overweight and obese individuals (McArdle et al., 2010; Cutler, Glaeser, & Shapiro, 2003) . BMR accounts for approximately 60% of total energy expenditure, and includes the metabolic cost of processes such as the maintenance of body systems and resting cardiopulmonary activity. The thermic effect of feeding accounts for approximately 10% of total energy expenditure, and refers to the calories expended in the digestion, transport, and assimilation of nutrients. Energy expended during physical activity represents approximately 30% of total energy output (McArdle et al., 2010) . As indicated earlier, the overweight subjects in our study were significantly more physically active than the obese group, possibly with a greater muscle mass, and therefore they would have had a higher BMR due to their metabolically active musculature. In agreement with findings by other researchers, an elevated BMR, in conjunction with more physical activity performed, could explain the higher calorie expenditure of the overweight group compared to the normal weight and obese groups (Cutler et al., 2003) .
Our study's finding that individuals of normal weight spent significantly more time sleeping, and enjoyed greater sleep efficiency, than the obese group was consistent with previous observations that less sleep may contribute to weight gain (Gonnisen et al., 2013; Nishitani, Sakakibara, & Akiyama, 2012) , and that weight gain may lead to reduced sleep (Nishitania et al., 2012; Fogelholm, Kronholm, Kukkonen-Harjula, Partonen, Partinen, & Härmä, 2007) .
A large body of evidence suggests that obesity has been associated with an impaired QoL in a variety of domains, such as physical functioning, self-esteem, health status, ability to enjoy life, social relationships, and sleep disorders (de Zwaan et al., 2009; Taylor et al., 2013) , which support the findings of our study. However, Atlantis and Baker reported a weak relationship between obesity and QoL (Atlantis & Baker, 2008) .
The significant difference between normal weight and obese subjects with regard to problems with concentration -such that obese subjects experienced difficulty with their concentration more often -are consistent with previous research (Barkin et al., 2010; Forhan, Law, Taylor, & Vrkljan, 2012) . Also reflecting other reports, our study found that fewer normal weight subjects smoked than their obese counterparts (Miranda et al., 2015) .
Conclusion
The preliminary results has added to the body of knowledge on the work health-related behaviors, QoL and health status at work of South African mining employees; more specifically and quite surprisingly, overweight subjects expended more calories and were physically more active than their obese counterparts. It was expected that any significant difference would be found between obese and normal weight individuals. However, with regard to the QoL and health status of our sample, our results correlate with previous findings that obese individuals also had a poorer perceived quality of life and concentration levels than those of normal weight.
The pilot study warrants further studies to confirm the impact obesity may have on employees' physical and mental health, functional capacity, and quality of life. Furthermore, the present pilot study suggests that these results needs to be acknowledged by those at school, at work generally, as well as in South Africa at large, to help combat obesity in the country.
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